pressure of the sporangia of Phytophthora infestans during the process of zoosporogenesis
INTRODUCTION
Zoosporogenesis of the sporangia of zoosporic fungi, such as Phytophthora, Pythium and Aphanomyces, is well known to be inhibited in the hypertonic solutions of saccharides and polyethylene glycols (PEGS)1-5,7-10). Previous studies attributed the inhibitory effect to the high osmotic potentials, which was considered to oppose the increase in the internal pressure necessary to open the exit pore to release zoospores1- 5, 7, 9, 10) . As the cause of increasing the internal pressure, Miyata suggested contractile proteins10), MacDonald and Duniway swelling gel matrix9), and Gisi and Zentmyer osmotic pressure5). However, no evidence of the increase in the internal pressure just before zoospore releasing had been demonstrated because of lack of a method to synchronize zoosporogenesis. Recently a method solving this problem was developed12-14). Physiologically synchronized sporangia of Phytophthora infestans are available by using the procedure of maturation. With these physiologically synchronized sporangia of the fungus, osmotic pressure of sporangia and the inhibitory effect of saccharides and PEGs on zoosporogenesis were reinvestigated.
MATERIALS AND METHODS

Test solutions.
A hypotonic solution of inorganic ions, containing 0.1mM CaCl2, 0.05mM MgSO4, 0.05 mM KH2PO4 and 0.5mM NaHCO3, was used for the basic solution to prepare sporangial suspensions. This solution is favorable for zoosporogenesis14). To change the osmotic potential of sporangial suspensions, solutions of three saccharides, sucrose, glucose and xylose, and four PEGs, PEG400, PEG1000, PEG2000 and PEG4000, were used. These chemicals were dissolved in distilled deionized water to give the required concentrations.
Sporangial suspension.
An isolate (Pi-831, Al mating type) of Phytophthora infestans was used. Potato tuber slices (8- Fig. 6 . At 0.1M almost all (96%) sporangia released zoospores within 1hr. With increase in sucrose concentration zoospore releasing became slow. At 0.4M zoospore releasing was almost completely inhibited. This result was very similar to the result of the former experiment (Fig. 5 ). That is, even using the sporangia containing zoosporially divided protoplasms, to prepare a suspension of physiologically synchronized sporangia of P. infestans12-14) solved the problem, and made it possible to analyze the process of zoosporogenesis.
The present results showed that before protoplasm division osmotic pressure of the sporangia of P. infestans was high (av. >0.7OsM) ( Fig. 1) . Protoplasm division could progress in the lower sucrose solutions with the highest concentration of 0.6M (Fig. 4) , but osmotic pressure of the divided protoplasm was as low as 0.1OsM (Fig. 2-E) . These results indicate that protoplasm division is accompanied by drastic decrease in osmotic pressure. The results oppose the conventional explanations that osmotic pressure of sporangia increases before zoospore releasing1 -5,7,9,10) . In spite of the low osmotic pressure zoospores could open the exit pore even in the solution of 0.6M xylose (Fig. 7) . Therefore, the inhibitory effect of hypertonic solutions on zoosporogenesis can not be attributed to the osmotic potentials. Soon after the protoplasm division, the divided protoplasms were still bound to each other. Separation of the binding was inhibited in the hypertonic solutions of saccharides and PEGs (Figs. 2-B and -C, 5, 6, 7 and 8). The larger molecules tend to have more inhibitory effect. For example, 0.7M solution of xylose was required for complete inhibition (Fig. 7) , while 0.05M was enough in the case of PEG4000 (Fig. 8 ). Therefore, it might be considered that the inhibitory effect of these compounds depends on their high viscosities rather than the high osmotic potentials. When zoosporial protoplasms moved without separation in the viscous solutions, they were torn into smaller fragments (Fig. 2-F) . After the zoospore nearest to the papilla was separated from the neighboring protoplasms, the zoospore moved toward the papilla and opened the exit pore. The time required for this process was short, only several seconds (data not shown). Enzymatical degradation of glucan of the papilla might be considered as the mechanism for this phenomenon. But further examination is necessary.
The process of zoosporogenesis was considered to be divided into the following three stages: I. protoplasm division; II. separation of the divided protoplasms; III. zoospore releasing. Present data indicate that the second stage appears to be the most sensitive to the hypertonic solutions. Then, what is the basic factor of the binding among the zoosporial protoplasms? It is known that the plasma membrane of a zoospore is covered by microfibrillar coat, or fuzzy coat6,11). The microfibers produced from the neighboring zoosporial protoplasms will be intertwined.
To separate the intertwining microfibers, water solution of low viscosity will be favorable, while the solutions of high viscosity will be unfavorable.
Further investigations are necessary to confirm the above hypothesis.
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